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Abstract 
The already shown high potential of desiccant evaporative cooling (DEC) systems in full year operation by using the sorption 
rotor for temperature and humidity recovery is here further analyzed to investigate the potential of certain system configurations. 
First, the disadvantages of activating the supply air humidifier in full cooling operation regarding the indoor comfort and the 
reduction of evaporative cooling potential in the overall process are discussed. Secondly, different control strategies for solar 
thermal systems with triple use (cooling, heating support, domestic hot water preparation) for different applications and climates 
were analyzed. These scenarios were compared with reference systems using conventional air-conditioning technologies to 
evaluate the primary energy savings of each case. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Solar driven DEC systems are mainly installed to provide desired inlet air conditions (temperature and humidity), 
especially during summer, with low ecological impact. Therefore, this technology offers an interesting alternative to 
conventional air handling units utilizing cooling below the dew point temperature for dehumidification driven by 
compression chillers operating at low cold water supply temperatures (e.g. 6°C). Current control strategies activate a 
humidifier in the supply air stream when the system is operating under full cooling load conditions. This typically 
leads to high relative humidity values (60-80%) in the supply air during the hottest summer period. Monitoring 
evaluation of two DEC systems in Austria showed that users likely perceive indoor air as sultry in combination with 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer review by the scientific conference committee of SHC 2013 under responsibility of PSE AG 
 Anita Preisler and Markus Brychta /  Energy Procedia  48 ( 2014 )  956 – 965 957
an unpleasant smell an indoor relative humidity >50% (Preisler, et al., 2012). Furthermore, the potential of adiabatic 
cooling with humidification of the return air stream is higher, when the air contains less humidity when it is entering 
the process. The goal is to design DEC systems which offer primary energy savings compared to a conventional 
reference system while providing high indoor comfort. 
The triple use of the solar thermal system for cooling, heating support and hot water preparation shows a big 
potential in terms of primary energy savings compared to conventional air-conditioning devices especially for the 
residential sector, hospitals and hotels (Preisler, et al., 2008). Evaluated design options to use the triple use of the 
solar thermal system are still missing. 
The idea for this analysis was to compare selected DEC system configurations with a conventional reference 
system  in terms of their strengths and weaknesses according to indoor comfort as well as energy efficiency. The 
chosen system configurations for the DEC system and the reference system are shown in Figure 1, Figure 2 and 
Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: DEC A: Basic configuration (SolarCombi+) Figure 2: DEC B: Integration of cooling coil in supply air 
 
 
 
 
 
 
 
 
1: Solar thermal collector 
2: Solar storage 
3: Return air humidifier 
4: Regeneration heating coil 
5: Sorption rotor 
6: Heat recovery wheel 
7: Supply air humidifier 
8: Heating coil 
9: Cooling coil Figure 3: Reference system 
2. Methodology 
Based on the results according to full year operation of DEC systems (Preisler & Brychta, 2012) the optimization 
potential of following system configurations have been analyzed using TRNSYS 17: 
x  System configuration to optimize usage of solar thermal system for cooling, heating support and domestic 
hot water preparation 
x Usage of cooling coil instead of humidifier in supply air 
 
These cases have been evaluated for different building types (office buildings and hotels) and for different 
climates (moderate climate, Mediterranean climate, hot continental climate and subtropical climate), as shown in 
Table 1. To evaluate the primary energy saving potentials a reference system with conventional air-conditioning 
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technologies according to the monitoring procedures of IEA SHC Task 38 (Napolitano, et al., 2011) was simulated 
for each scenario. 
Table 1: Simulated scenarios  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Climate                                                 
Moderate (Vienna) x x x x x x                                     
Mediterranean (Athens)             x x x x x x                         
Hot continental (Cairo)                         x x x x x x             
Subtropical (Honolulu)                                     x x x x x x 
Application                                                 
Office Building x x x       x x x       x x x       x x x       
Hotel       x x x       x x x       x x x       x x x 
Technology                                                 
DEC System   x x   x x   x x   x x   x x   x x   x x   x x 
Reference System x     x     x     x     x     x     x     x     
System Configuration                                                 
SolarCombi+ (A)   x     x     x     x     x     x     x     x   
Cooling Coil Supply Air (B)     x     x     x     x     x     x     x     x 
3. Results 
3.1. Description of simulation boundary conditions 
For the building and system simulations the boundary conditions shown in Table 2 and Table 3 were used to 
carry out the required analyses, further necessary boundary conditions (internal loads, presence of users, etc.) were 
defined by standard values (SIA 2024, 2006). The building types office building and hotel have been chosen to show 
the differences according to the hot water preparation potential by the solar thermal system. 
Table 2: Boundary conditions for simulated scenarios 
Building information      
Application  Office Building Office Building Hotel Hotel 
Size m² 6’000 6’000 6’000 6’000 
Climate data  ENERGYplus ENERGYplus ENERGYplus ENERGYplus 
Building standard  MEE1 MEE1 MEE1 MEE1 
Volume flow m³/h 26’000 26’000 13’000 – 26’0002 13’000 – 26’0002 
Air exchange rate  1.44 1.44 0.72 – 1.44 0.72 – 1.44 
Collector area m² - 311 - 311 
Solar storage l/m²collektor area - 50 - 50 
Designation  REF-Office DEC-Office-S13 REF-Hotel DEC-Office-S13 
Summer      
T supply max. °C 22 22 22 22 
RH supply max. % 40 variable 40 variable 
Winter      
T supply min. °C 22 22 22 22 
RH supply min. % 40 40 40 40 
1Medium energy efficient building envelope 
2Volume flow night - Volume flow day 
3System configuration 1= Basic configuration (SolarCombi+) 
T = Temperature; RH = Relative Humidity 
Table 3: Used values for building standard MEE 
 u-value facade 
[W/m²K] 
u-value roof 
[W/m²K] 
u-value ground-contacted floor 
[W/m²K] windows 
Vienna 0.40 0.29 0.53 u=1.5 W/m²K; g=50%;  70% shading factor; outside 
Athens, Cairo, 
Honolulu 0.68 0.38 0.53 
u=2.8 W/m²K; g=75%; 
40% shading factor; outside 
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Table 4 shows the chosen parameters for the primary energy assessments. For the seasonal performance factor of 
the solar thermal system (SPFsol) a mean value of the monitored SPFsol in ENERGYbase was chosen (see Figure 4). 
Table 4: Parameters for primary energy assessment (Napolitano, et al., 2011) 
Primary energy factor electricity: εelec  2.5 
Primary energy factor gas: εfossil  1.11 
Seasonal performance factor compression chiller: SPFref  2.8 
Seasonal performance factor solar thermal system: SPFsol 166 
Mean annual efficiency gas boiler: ηboiler 0.95 
 
 
 
 
 
 
 
 
 
 
Figure 4: Seasonal performance factor of solar thermal system from Monitoring results of ENERGYbase building (Preisler, et al., 2012) 
The control strategies for the basic system configuration (shown Table 5) can be divided in 7 modes during 
operation. Three modes operate for heating (mode 1 to 3), one “free floating” mode (mode 0) and three modes for 
cooling (mode -1 to -3). The control variables are the supply air temperature (Set point: 22 °C) and the supply air 
relative humidity (values see Table 2). 
Table 5: Control strategies of DEC system basic configuration 
Modes Heat Recovery Wheel Humidifier Return Humidifier Supply Regeneration Sorption Rotor Heating Coil Supply 
3 ON OFF ON OFF ON1 ON 
2 ON OFF ON OFF ON1 OFF 
1 OFF OFF ON OFF ON1 OFF 
0 OFF OFF OFF OFF OFF OFF 
-1 ON OFF OFF OFF OFF OFF 
-2 ON ON OFF OFF OFF OFF 
-3 ON ON ON ON ON2 OFF 
1Sorption rotor in heat and humidity recovery mode 
2Sorption rotor in desiccant mode 
3.2. Results basic configuration 
In Figure 5 and Figure 6 the specific energy demand for heating, cooling and hot water preparation is shown for 
the two building types office building and hotel in the four locations (Vienna, Athens, Cairo and Honolulu). These 
results show that for office buildings the energy demand for cooling (sensible + latent) is very dominant in all 
locations. The heating demand is very low in Vienna and not relevant at all in the other three locations.  
For hotels the picture is different, as the energy demand for hot water preparation is very high on all for locations 
and – except in Honolulu – always higher than or at least as high as the energy demand for cooling. The energy 
demand for heating is only in Vienna higher than the cooling demand, in the other three locations the energy 
demand for heating is very low or zero. 
In Figure 7 the results for the reference air handling system are shown. Here the desired set points for the supply 
air (temperature, relative humidity) according to Table 2 could be reached in 90-95% of the operation hours. The 
specific primary energy demand in relation to the volume flow was evaluated by using the parameters of Table 4. 
The results of the system simulation for the DEC system with basic configuration are shown in Figure 8. The 
delivered heating energy in relation to the volume flow is quite similar to the reference system, but the delivered 
cooling energy is significantly lower in the DEC system with basic configuration compared to the reference system. 
Therefore, the resulting primary energy demand of the DEC system with basic configuration is not meaningful 
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compared to the reference system. The goal now was to find out the differences in cooling mode between the 
reference system and the DEC system with basic configuration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Building loads office building Figure 6: Building loads hotel 
SQ_COOL = specific energy demand for cooling (sensible + latent) [kWh/m²a] 
SQ_HEAT = specific energy demand for heating [kWh/m²a] 
SQ_DHW = specific energy demand for domestic hot water preparation [kWh/m²a] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Delivered energy and primary energy demand of reference system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Delivered energy and primary energy demand of DEC system, basic configuration 
SQ_Cooling = specific cooling energy delivered over air handling unit [kWh/(m³/h,a)] 
SQ_Heating = specific heating energy delivered over air handling unit [kWh/(m³/h,a)] 
SPE demand = specific primary energy demand [kWh/(m³/h,a)] 
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Figure 9: Sorted values of supply air temperature and humidity, 
Vienna 
Figure 10: Sorted values of supply air temperature and humidity, 
Athens 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Sorted values of supply air temperature and humidity, 
Cairo 
Figure 12: Sorted values of supply air temperature and humidity, 
Honolulu 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Exceeding of desired supply air humidity, Vienna Figure 14: Exceeding of desired supply air humidity, Athens 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Exceeding of desired supply air humidity, Cairo Figure 16: Exceeding of desired supply air humidity, Honolulu 
In Figure 9, Figure 10, Figure 11 and Figure 12 the evaluation of the achieved supply air values (temperature, 
relative humidity) shows that desired supply air temperature can be achieved in most of the operation hours, but the 
supply air relative humidity is significantly higher than in the reference system for most of the operation hours in all 
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for locations. As a next step the operation modes in which these high relative humidity values of the supply air occur 
have been evaluated. 
Figure 13, Figure 14, Figure 15 and Figure 16 show quite surprising results for exceeding 60% of the supply air 
relative humidity allocated to the operation modes described in Table 5. In Vienna most of the high relative 
humidity values of the supply air do not occur in mode M-3 as expected, but during the heating modes, especially in 
mode M1.  This makes clear that to decrease the humidity values a dehumidification of the air in these modes must 
also be considered. In Athens the results are similar, but here most of the high humidity values occur in the last 
cooling mode M-3. For Cairo and Honolulu the same tendencies appear, in Honolulu an additional dehumidification 
device is essential to achieve a good indoor comfort. 
3.3. Results system configurations 
On basis of the findings before the scenarios shown in Table 6 for system configuration have been set up with 
following objectives: 
x lower the relative humidity in the supply air in the modes were it exceeded before 60%, 
x keeping the primary energy saving advantages of a DEC system and 
x evaluate the primary energy saving potential by increasing the solar collector area and solar storage size; 
Table 6: Description of system configurations 
S2 Upper limit of relative humidity in M-3 decreased to 55%; 
Integration of cooling coil for cooling and dehumidification purposes as mode M-4;  
Active components in M-4: heat recovery wheel, humidifier return, regeneration heating coil, sorption rotor, heating coil supply air, 
cooling coil supply air 
S3 Configuration of S2 with following addition: cooling coil is activated in all other modes except M-3 under the conditions of:  
X_INcooling coil>8g/kg (absolute humidity) 
S4 Configuration of S3 with following addition: regeneration heating coil and sorption rotor are activated when X_Ambient>10g/kg 
(absolute humidity) and solar storage is hot enough to operate regeneration heating coil 
S5 Combination of S2 with double collector area and solar storage size (622m²; 31.1m³) 
S6 Combination of S2 with triple collector area and solar storage size (933m²; 46.7m³) 
S7 Combination of S3 with double collector area and solar storage size (622m²; 31.1m³)  
S8 Combination of S3 with triple collector area and solar storage size (933m²; 46.7m³) 
S9 Combination of S4 and Double collector area and solar storage size (622m²; 31.1m³) 
S10 Combination of S4 with triple collector area and solar storage size (933m²; 46.7m³) 
In Figure 17, Figure 18, Figure 19 and Figure 20 the results of the system configuration with the highest primary 
energy savings compared to a reference system for each location are shown.  
Results Vienna (see Figure 17): For the office building system configuration S3 and S4 showed an increase of the 
primary energy saving by delivering the same cooling energy as in the reference system. This means that for Vienna 
it is essential, that the cooling coil is not only in operation in the cooling modes, but also in the heating modes for 
dehumidification purposes. By extending the operation of the sorption rotor to other modes than M-3 for 
dehumidification – which happens in S4 – an increase of the primary energy saving up to 46.2% was achieved. For 
hotels the same tendency is visible, here the bigger solar collector area and solar storage size can increase the 
primary energy savings compared to a reference system due to the high domestic hot water preparation demand. 
Results Athens (see Figure 18): The primary energy saving potential for the office building is still quite good 
with 25.9%, but lower than in Vienna with the same system configuration. Here the primary energy savings can be 
increased by using a bigger solar collector area and solar storage size, which is shown in scenario S7 where 30.2% 
are achieved. The hotel shows quite the same primary energy savings with system configuration S3, here the 
primary energy savings can be increased again with an increase of the solar collector area and the solar storage size. 
Results Cairo (see Figure 19): The primary energy savings are generally a little bit higher than in Athens already 
with system configuration S2, but not as high as in Vienna. The increase of the solar collector area and solar storage 
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size in the office building increases the primary energy savings from 30.2% to 38.2%. For the hotels the same 
tendencies as in Athens are visible, here with the biggest solar collector size and solar storage size simulated 45.2% 
of primary energy savings are possible. 
Results Honolulu (see Figure 20): The results here show, that the strengths of DEC systems – with system 
configurations which are analyzed here – is not in very humid climates. There are still primary energy savings 
visible to a reference system, but not as high as on the other three locations. The regeneration rotor can substitute 
some of the dehumidification amount necessary to achieve a good indoor comfort, but here more than on sorption 
rotor would be necessary to achieve the desired supply air relative humidity values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Results system configuration of high potential scenarios, Vienna 
Figure 18: Results system configuration of high potential scenarios, Athens 
 
Figure 19: Results system configuration of high potential scenarios, Cairo 
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Figure 20: Results system configuration of high potential scenarios, Honolulu 
SQ_Cooling = specific cooling energy delivered over air handling unit [kWh/(m³/h,a)] 
SQ_Heating = specific heating energy delivered over air handling unit [kWh/(m³/h,a)] 
SPE demand = specific primary energy demand [kWh/(m³/h,a)] 
PE savings = primary energy savings (not renewable) compared to reference system [%] 
4. Conclusions 
The analyzed system configurations and control strategies showed some interesting results and tendencies which 
should be considered in the design of a solar-assisted DEC system in similar climate conditions as considered here. 
The results show that not only the integration of a cooling coil is necessary to achieve the desired supply air 
conditions at all analyzed locations, but also the control strategies of the whole system are important to achieve high 
primary energy savings compared to a reference system.  
The resulting differences between the building type office building and hotel are not that significant, except at the 
location Vienna and Cairo, where the hotel shows slightly higher primary energy savings than the office building. 
Comparing different climates leads to the result that the highest primary energy savings have been achieved in the 
coldest climate of the four analyzed locations, in Vienna. This shows again the energy efficiency relevance of the 
sorption rotor during the heating period for temperature and humidity recovery. The results of Cairo show that hot 
locations which still have some dehumidification needs show quite high primary energy savings. Here the increase 
of the solar collector area and the solar storage size can increase the efficiency of the whole system significantly. 
Athens has also quite good results in terms of primary energy savings, but not as good as in Vienna or Cairo. In very 
humid climates as Honolulu solar-assisted DEC systems can increase the energy efficiency of the air handling 
system, but one sorption rotor is hardly enough to handle that amount of humidity and the main dehumidification 
part stays at the cooling coil. 
 
The results of this paper have been set up within the research project “SolarCooling Opt - Primärenergetische 
Optimierung von Anlagen zur solaren Kühlung mit effizienter Anlagentechnik und innovativen Regelstrategien”, 
Neue Energien 2020, 3rd Call, (FFG Nr.: 825544), running until end of 2013. 
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